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Abstract A simple and efficient method for the synthesis of spiro[indoline-3,9′-xanthene]trione deriva-
tives has been achieved through the condensation reaction of isatins and two moles of dimedone or
1,3-cyclohexanedione, under solvent-free conditions, in the presence of SBA-15-Pr–SO3H as an efficient
heterogeneous nano solid acid catalyst. The features of this procedure are short reaction times, good yields,
solvent-free reaction conditions, and simple workup. The absence of solvent allows avoiding the use of
toxic organic solvents, whichmakes this reaction safe and environmentally friendly. Furthermore, the use
of SBA-15-Pr–SO3H with a pore size of 6 nm has the advantage of being a nano-reactor in whose nano-
pores the reaction proceeds easily.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Xanthene derivatives have been reported to possess very
diverse biological and pharmaceutical properties, including
anti-inflammatory [1], antiviral [2], antibacterial [3,4] and
antinociceptive [5] activities as well as showing antimalar-
ial [6,7] and anticancer [8,9] properties. They also act as
central nervous system stimulants [10]. Furthermore, these
compounds, due to their photochemical and photophysical
properties, occupy an important position among different fam-
ilies of dye [11,12]. Application of xanthene derivatives in laser
technologies [13,14] and as fluorescent materials for visualiza-
tion of biomolecules [15] has received much attention.
Among different biological active heterocyclic moieties, the
indole framework is a key structural feature commonly found
in natural products [16,17] and bioactive molecules, such as
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http://dx.doi.org/10.1016/j.scient.2012.11.018tryptophan [18], tryptamine [19] and auxin [20] (Figure 1).
Furthermore, it has been reported that sharing of the indole
3-carbon in the formation of spiroindoline derivatives highly
enhances biological activity [21]. Isatin and its derivatives have
also interesting biological properties and are widely used in
organic synthesis [22,23].
In the literature, a few methods have been reported for the
synthesis of spiro[indoline-3,9′-xanthene]trione derivatives
from isatin and dimedone. However, thesemethods suffer from
some disadvantages, such as long reaction times, unsatisfactory
yields, and the use of toxic organic solvents. In recent times,
solvent-free organic syntheses have caused increased interest
from the viewpoint of green chemistry [24]. It is a powerful
methodology, as it reduces the amount of toxic waste produced
andminimizes the environmental pollution caused by solvents.
In recent years, the use of heterogeneous catalysts to carry
out various organic transformations has received considerable
interest. Easy removal from reactionmixtures, catalyst recovery
and recyclability, and environmentally benign processes are
some important advantages of these catalysts. SBA-15-Pr–SO3H
as a heterogeneous Brønsted acid with a hexagonal structure,
large pore size, high surface area, and high thermal stability
exhibits efficient catalytic activity in a variety of organic
reactions [25,26].
Encouraged by these observations and in continuation of
our previous studies [27–31] on the application of nanoporous
evier B.V. Open access under CC BY-NC-ND license.
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Table 1: The optimization of reaction condition in the synthesis of
spiro[indoline-3,9′-xanthene]triones.
Entry Solvent Time (h) Yield of 3a (%)a
1 EtOH 8 80
2 EtOH/H2O (1:1) 10 70
3 H2O 9 75
4 neat (130 °C) 20 (min) 90
a Isolated yields.
heterogeneous solid catalysts to organic synthesis, in this
paper, we explore the catalytical activity of SBA-15-Pr–SO3H
as a highly efficient heterogeneous acid catalyst towards the
synthesis of spiro[indoline-3,9′-xanthene]trione derivatives.
2. Results and discussion
Herein, we report a very simple, green and highly
efficient method for the synthesis of spiro[indoline-3,9′-
xanthene]triones from isatin and its derivatives and dimedone
or 1,3-cyclohexanedione. The reactions were carried out under
solvent-free conditions in the presence of a catalytic amount of
SBA-15-Pr–SO3H as a reusable eco-friendly catalyst (Scheme 1).
In terms of choosing the best solvent for the reaction of isatin
1 and two moles of dimedone 2 to afford 3a, different solvents
were studied in the presence of SBA-15-Pr–SO3H (Table 1).
Comparing the reaction times and yields of products in the
tested solvents, such as H2O, EtOH, H2O/EtOH (1:1) and a
solvent-free system, the best result was obtained after 20 min
under solvent-free conditions at 130 °C by taking a 1:2mol ratio
mixture of isatin and dimedone. It was reported that without a
catalyst and under solvent-free conditions, after 2 h, the yield
of product was low (68%) [32].
To evaluate the generality and versatility of this method-
ology, various substituted isatins and dimedone or 1,3-
cyclohexanedione were used in the presence of the optimum
quantity of SBA-15-Pr–SO3H (0.02 g). All the reactions were
completed with acceptable yields. The results are summa-
rized in Table 2. It has been observed that the reactionsFigure 2: Schematic illustration for the preparation of SBA-15-Pr–SO3H.
with two moles of dimedone proceeded with shorter re-
action times in comparison with the results obtained from
1,3-cyclohexanedione. It seems reasonable to think that dime-
done as a methylene compound is more reactive than 1,3-
cyclohexanedione, and affords the products in shorter reaction
times. In order to show the advantages of our method and its
efficiency, we have compared our results with those reported
in the literature in Table 3. It is clear from Table 3 that the
current method is more efficient and less time-consuming and
gives better yields of the desired products,when comparedwith
other existing methods.
The suggested mechanism for the SBA-15-Pr–SO3H cat-
alyzed transformation is shown in Scheme 2. Protonation of a
carbonyl group of isatin 1 by the solid acid catalyst activates
it toward nucleophilic attack of the first molecule of dime-
done to yield intermediate 7, which reacts further with the
second molecule of dimedone. Subsequent cyclization and
elimination of water affords the corresponding spiro[indoline-
3,9′-xanthene]triones 3.
The SBA-15 as a new nanoporous silica can be prepared
by using commercially available triblock copolymer Pluronic
P126 as a structure directing agent [37,38]. The sulfonic acid
functionalized SBA-15 was usually synthesized through direct
synthesis or post-grafting [39,40]. A schematic illustration for
the preparation of SBA-15-Pr–SO3H was shown in Figure 2.
First, the calcined SBA-15 silica was functionalized with
(3-mercaptopropyl)trimethoxysilane (MPTS) and then, the
thiol groups were oxidized to sulfonic acid by H2O2.
The texture properties of SBA-15 and SBA-15-Pr–SO3H, such
as surface area, average pore diameter, and pore volume, have
been measured. The surface of the catalyst was analyzed by
different methods, such as TGA, BET and other methods by
which it was confirmed that the organic groups (propyl sulfonic
acid) were immobilized into the pores [30].
Figure 3 illustrates the SEM and TEM images of SBA-15-
Pr–SO3H. The SEM image (Figure 3(a)) shows uniform particles
about 1 µm. The same morphology was observed for SBA-
15. It can be concluded that the morphology of the solid
was saved without change during surface modifications. On
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Entry R1 R2 R3 Product Time (min) Yield (%)a mp (°C) mp (Lit.)
1 H H Me 20 90 239–241 232–234 [33]
2 Cl H Me 25 77 306–308 New
3 Br H Me 20 70 280–281
(dec)
290 (dec) [34]
4 NO2 H Me 25 83 276–277
(dec)
278 (dec) [34]
5 H Me Me 30 84 >300 306 (dec) [34]
6 H H H 35 90 >310 336 [35]
7 Br H H 50 83 >310 New
8 Cl H H 40 79 >310 New
a Isolated yields.
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trione 3a.
Entry Catalyst Solvent Condition Time (h) Yield (%)a Year
1 SBA-15-Pr–SO3H – Heating 20 min 90 This work
2 Neutral Alumina MeOH Stir. (rt) 30 min 88 2009 [33]
3 p-TSAb H2O Reflux 24 75 2008 [34]
4 – EtOH then AcOH Reflux 12 92 1959 [32]
5 – AcOH (glac) Heating 8 68 1959 [32]
6 – AcOH (glac) Heating 4 70 1929 [36]
a Isolated yields.
b p-Toluenesulfonic acid.Scheme 2: Proposed mechanism for the synthesis of spiro[indoline-3,9′-xanthene]trione derivatives in the presence of SBA-15-Pr–SO3H.Figure 3: SEM image (a) and TEM image (b) of SBA-15-Pr–SO3H.
the other hand, the TEM image (Figure 3(b)) reveals parallel
channels, which resemble the pore configurations of SBA-15.This indicates that the pore of SBA-15-Pr–SO3H was not
collapsed during the two step reactions.
3. Conclusion
In summary, a novel and highly efficient method for
the synthesis of spiro[indoline-3,9′-xanthene]triones has been
achieved via the reaction of isatin derivatives with dimedone or
1,3-cyclohexanedione (2 moles) under solvent-free conditions,
using the reusable and environmentally benign SBA-15-
Pr–SO3H as a green solid acid catalyst. The much shorter
reaction times and good yields under our reaction conditions
clearly indicate the advantage of using SBA-15-Pr–SO3H as
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SBA-15-Pr–SO3H as a nano-reactor.
a nano-reactor to the solvent-free reaction (Figure 4). Other
features of this protocol are procedural simplicity, simple
workup, and the reusability of the catalyst.
4. Experimental section
All chemicals employed in this work were purchased from
the Merck Company and were used without further purifica-
tion. IR spectra were recorded from a KBr disk using a FT-IR
Bruker Tensor 27 instrument. Melting points were measured
using the capillary tube method with an electro thermal 9200
apparatus. The 1HNMR (500MHz)was runon aBrukerDPX, 500
MHz, using TMS as an internal standard (DMSO-d6 solution).
GC-Mass analysis was performed on a GC-Mass model: 5973
network mass selective detector, GC 6890 Agilent. SEM anal-
ysis was performed on a Philips XL-30 field-emission scanning
electron microscope operated at 16 kV, while TEM was carried
out on a Tecnai G2 F30 at 300 kV.
4.1. Preparation and functionalization of the SBA-15
The nanoporous compound SBA-15 was synthesized and
functionalized according to our previous report [30] and the
modified SBA-15-Pr–SO3H was used as the nanoporous solid
acid catalyst in the following reaction.
4.2. General procedure for the preparation of spiro[indoline-3,9′-
xanthene]trione derivatives
The SBA-15-Pr–SO3H (0.02 g) was activated in vacuum at
100 °C and then, after cooling to room temperature, isatin
(0.147 g, 1 mmol) and dimedone (0.282 g, 2 mmol) wereadded to the catalyst. The reaction mixture was stirred at
130 °C for an appropriate time. The progress of the reaction
was monitored by TLC. After completion of the reaction, the
resulting crude product was dissolved in hot EtOH (if necessary
in hot MeOH and MeCN), and the unsolvable catalyst was
removed by filtration. The filtrate was cooled to afford the pure
product. Some of the products are new compounds, which are
characterized by Mass, IR and NMR spectroscopy. The melting
points of known products are compared with those reported in
the literature. The catalyst could be washed subsequently with
diluted acid solution, distilled water and then acetone. After
drying under vacuum, it can be reused several times without
noticeable loss of reactivity.
4.3. Selected spectroscopic data
5-Chloro-3′,3′,6′,6′-tetramethyl-3′,4′,6′,7′-tetrahydrospiro [in-
doline-3, 9′-xanthene]-1′, 2, 8′ (2′H, 5′H)-trione (3b) : IR cita-
tion(KBr) = 3332, 2958, 2925, 1727, 1692, 1610, 1375, 1229,
726 cm−1. MS(EI, 70 eV) : m/z(%) = 425(M+), 341, 239, 149,
111, 91(100), 69, 57, 43. 1H NMR (500 MHz, DMSO-d6): δ =
10.45 (s, 1H, NH), 7.10 (d, J = 7.6 Hz, 1H,ArH), 6.90 (s, 1H,
ArH), 6.72 (d, J = 7.6 Hz, 1H,ArH), 2.50–2.57 (m, 4H, 2CH2,
CHAHB), 2.10–2.18 (m, 4H, 2CH2, CHAHB), 1.01 (s, 6H, 2CH3),
0.97 (s, 6H, 2CH3) ppm.
3′,4′,6′,7′-Tetrahydrospiro [indoline-3,9′-xanthene]-1′, 2, 8′ (2′H,
5′H)-trione (3f ): IR citation(KBr) = 3350, 2925, 1732, 1672,
1480, 1195, 1122, 976 cm−1. MS (EI, 70 eV): m/z(%) =
335(M+), 290, 279(100), 251, 223, 167. 1H NMR (500 MHz,
DMSO-d6): δ = 10.30 (s, 1H, NH), 7.05 (t, J = 8 Hz, 1H, ArH),
6.85 (d, J = 7 Hz, 1H, ArH), 6.76 (t, J = 7.5 Hz, 1H, ArH), 6.69 (d,
J = 8 Hz, 1H, ArH), 2.50–2.68 (m, 4H, 2CH2, CHAHB), 2.09–2.23
(m, 4H, 2CH2, CHAHB), 1.87–1.90 (m, 4H, 2CH2, CHAHB) ppm.
5-Bromo-3′,4′,6′,7′- tetrahydrospiro [indoline-3,9′-xanthene]-1′,
2, 8′ (2′H, 5′H)- trione (3g) : IR citation (KBr) = 3370, 2912,
1743, 1666, 1611, 1460, 1203, 1122 cm−1. MS (EI, 70 eV):
m/z (%) = 413(M+), 370, 359(100), 334, 301, 217. 1H NMR
(500 MHz, DMSO-d6): δ = 10.48 (s, 1H, NH), 7.22 (d, J =
8 Hz, 1H, ArH), 7.08 (s, 1H, ArH), 6. 67 (d, J = 8 Hz, 1H,ArH),
2.50–2.67 (m, 4H, 2CH2, CHAHB), 2.21–2.22 (m, 4H, 2CH2,
CHAHB), 1.88–1.90 (m, 4H, 2CH2, CHAHB) ppm.
5-Chloro-3′,4′,6′,7′-tetrahydrospiro [indoline-3,9′-xanthene]-1′,
2, 8′ (2′H, 5′H)-trione (3h) : IR citation (KBr) = 3337, 2906,
1733, 1615, 1129, 983, 625 cm−1. MS (EI, 70 eV): m/z(%) =
369(M+), 324, 313 (100), 285, 257, 236, 166, 111, 97, 69, 55.
1H NMR (500 MHz, DMSO-d6): δ = 10.46 (s, 1H, NH), 7.09 (d,
J = 8 Hz, 1H, ArH), 6.97 (s, 1H, ArH), 6. 70 (d, J = 8 Hz, 1H,
ArH), 2.65–2.68 (m, 4H, 2CH2, CHAHB), 2.21–2.22 (m, 4H, 2CH2,
CHAHB), 1.87–1.90 (m, 4H, 2CH2, CHAHB) ppm.
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